Self-replicating shuttle vectors based on pANS, a small endogenous plasmid of the unicellular cyanobacterium Synechococcus elongatus PCC 7942.
To facilitate development of synthetic biology tools for genetic engineering of cyanobacterial strains, we constructed pANS-derived self-replicating shuttle vectors that are based on the minimal replication element of the Synechococcus elongatus strain PCC 7942 plasmid pANS. To remove the possibility of homologous recombination events between the shuttle plasmids and the native pANS plasmid, the endogenous pANS was cured through plasmid incompatibility-mediated spontaneous loss. A heterologous toxin-antitoxin cassette was incorporated into the shuttle vectors for stable plasmid maintenance in the absence of antibiotic selection. The pANS-based shuttle vectors were shown to be able to carry a large 20 kb DNA fragment containing a gene cluster for biosynthesis of the omega-3 fatty acid eicosapentaenoic acid. Based on quantitative PCR analysis, there are about 10 copies of pANS and 3 copies of the large native plasmid pANL per chromosome in S. elongatus. Fluorescence levels of GFP reporter genes in a pANS-based vector were about 2.5-fold higher than when in pANL or integrated into the chromosome. In addition to its native host, pANS-based shuttle vectors were also found to replicate stably in the filamentous cyanobacterium Anabaena sp. strain PCC 7120. There were about 27 copies of a pANS-based shuttle vector, 9 copies of a pDU1-based shuttle vector and 3 copies of an RSF1010-based shuttle vector per genome when these three plasmids co-existed in Anabaena cells. The endogenous pANS from our S. elongatus laboratory strain was cloned in Escherichia coli, re-sequenced and re-annotated to update previously published sequencing data.